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In 1958, Cooley resected a left ventricular aneurysm 
(LVA) while using cardiopulmonary bypass to sustain 
the systemic circulation, thereby ushering in the mod- 
ern era of surgery for left ventricular aneurysms.’ Few 
modifications in his technique of simple resection and 
linear closure were introduced until the early 1980s 
when almost simultaneously and quite independently, 
both Jatene and our group began to employ new 
reparative approaches in hopes of improving postopera- 
tive hemodynamics and long-term r e s ~ l t s . ~ ~ ~  Jatene 
reported an external circular reduction of the base of 
left ventricular in 1985’ and we first employed the 
technique of endoventricular circular patch plasty 
(EVCPP) in 1984.3 This surgical technique was de- 
signed to correct not only the visible free-wall compo- 
nent of LVAs but also the septa1 component which was 
left unaffected by simple aneurysm resection. In addi- 
tion, by excluding the involved portion of the septum 
and placing a “constricting” endocardial patch, a more 
normal geometry was restored to the left ventricle. The 
surgical technique employed in the EVCPP technique is 
described in detail in this article. 
The preoperative evaluation of patients undergoing 
surgery for LVA repair should include left- and right- 
heart catheterization with coronary arteriography, 
transthoracic echocardiography, and an endocardial 
catheter electrophysiology study to search for associ- 
ated ventricular arrhythmias. At the time of surgery, 
the patient is placed in the supine position and is 
anesthetized with narco-neuroleptanalgesia using dro- 
peridol, fentanyl, diazepan, and pancuronium. Our 
extracorporeal circulation unit is set up so that it 
requires only a very small priming volume of approxi- 
mately 500 mL in order to avoid too much dilution of 
the patient’s blood volume. A median sternotomy is 
performed. If extensive coronary artery bypass is 
planned in addition to the repair of the ventricular 
aneurysm, both internal thoracic arteries are harvested 
as well as a saphenous vein segment ifneeded. The aorta 
and right atrium are cannulated for cardiopulmonary 
bypass unless mitral valve surgery is planned, in which 
case double venous cannulation is performed. 
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SURGICAL TECHNIQUE: ANTERIOR ANEURYSMS 
c 
1-1 Extracorporeal circulation is established, the aorta is cross clamped, and antegrade blood cardioplegia is administered 
according to the method of B ~ c k b e r g . ~  We prefer to perform the entire procedure during a single period of continuous aortic 
cross clamping. (A) A left ventricular vent is inserted through the right superior pulmonary vein to provide maximum 
decompression of the left ventricle. (B) This causes the aneurysmal portion of the left ventricle to collapse, thereby outlining the 
extmt of the aneurysm. (C) The aneurysm is then opened by placing an incision parallel to and 2-3 cm lateral to the left anterior 
descending coronary artery. The extent of endocardial scarring is determined and the junction between the endocardial scar 
and normal myocardium is identified throughout the entire circumference of the aneurysm. 
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1-2 (A) If the patient has had either spontaneous or inducible ventricular tachycardia preopera- 
tively, a plane of dissection is developed between the endocardial scar covering the distal septum and the 
underlying septal myocardium. If the right ventricular cavity is inadvertently entered during this 
dissection, the septal defect can be easily controlled by properly placed sutures. (B) In most cases, this 
septal scar is resected. In some instances, however, the septal scar is strong enough and the flap is large 
enough to be used later as an autologous patch for closing the ventricle. In such cases, the base of the flap 
of septal scar is left in place and the junction of its base with the septum is cryoablated throughout its 
length. (C) Regardless of whether this autologous flap of scar or  a dacron patch is used to close the 
ventricle, if the patient has had either spontaneous or  inducible ventricular tachycardia, the entire 
circumference of the nonresected scar is cryoablated. If no ventricular tachycardia is present 
preopkratively, neither endocardial scar resection nor endocardial cryoablation are used. 
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1-3 (A) A continuous 2-0 monofilament suture is placed around the entire circumference of the base 
of the aneurysm at the junction of the scar and normal myocardium. This circumferential suture is placed 
at sufficient depth in the subendocardium to be certain that it will not tear out when tightened. The suture 
is tightened so that the dilated base of the aneurysm is narrowed and a more normal shape of the ventricle 
is attained. There is no absolute formula for how tight to secure this purse-string suture. Rather, the 
surgeon must envision what the ventricle would look like in the absence of an aneurysm and tighten the 
suture accordingly. From a practical standpoint, the purse-string suture is usually pulled quite tightly. 
(B) The degree of tightening of the purse-string suture determines the size of the remaining opening in 
the ventricle and, therefore, the size of the endocardia1 patch to be used for closure. The patch is usually 
2-3 cm in diameter and oval in shape and the material is either Dacron (Hemashield: Meadox Medicals, 
Inc, Oakland, NJ), or pericardium. If the flap of septal scar is to be used, its size must also conform to that 
of the ventricular opening after the purse-string has been tightened down. (C) The free edge of the septal 
scar opposite the septal hinge is modelled in a half-circle of proper size to provide for optimal closure. 
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1-4 (A) If a Dacron patch is used, it is first anchored to the 
septa1 side of the opening and then tailored to the proper size 
for optimal closure of the ventricle. We use a 2-0 monofilament 
suture placed in a continuous fashion. (B) Before securing this 
continuous suture, it is stretched at each point with a small 
nerve hook to be certain that it is as tight as possible. Once the 
patch has been sutured into position to close the endocardia1 
opening, Resorcine Formol glue (F.I.I., St. Just Malmont, 
France) is applied to the sutureline in a liberal fashion to 
secure the closure. 
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1-5 If the procedure requires a large portion of the septum to be excluded, it may be 
difficult or even impossible to reapproximate the superficial tissues external to the patch 
without leaving an undrained cavity between the reapproximated layer and the 
endocardial patch. In  addition, it can also be dangerous to reapproximate those tissues 
in such cases because it may distort the LAD coronary artery. We bypass essentially all 
LAD coronary arteries in these cases regardless of their preoperative perfusion status in 
hopes of reperfusing any viable septal myocardium that might be present. Furthermore, 
reapproximation of the superficial tissues in cases of large septal exclusions may inhibit 
diastolic expansion of the right ventricle as well. Therefore, in cases in which a large 
portion of the ventricular septum has been excluded, we simply fold the edges of the 
excluded aneurysm down and attach them to the edges of the endocardial patch.This 
reinforces the suture line, further securing the patch and improving hemostasis. 
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1-6 (A) When less of the septum is excluded and there is sufficient free-wall aneurysmal tissue still 
attached to the septum, the excluded tissue beyond the level of the endocardial patch may be 
reapproximated over the endocardial patch. (B) The excess tissue (except for the septum) can also be 
partially resected, leaving the endocardial patch uncovered. This was the most common closure 
employed originally (1984-1987) and results in a two-apex ventricle. After completion of the LVA 
repair, warm-blood cardioplegia is infused antegrade into the aortic root and the aortic cross clamp and 
the internal thoracic vascular pedicle occluder are removed. A left atrial pressure line is inserted and 
every effort is made to keep the left atrial pressure below 10 mm Hg. If this cannot be accomplished 
despite extended reperfusion and optimal inotropic support, intra-aortic balloon assistance is 
instituted. 
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1-7 This is an intraoperative photograph of a case in which the septal scar was used as an autologous patch to close the 
ventricle. After excision of the endocardial scar from the anterior, apical, and posterior regions of the ventricular free-wall. 
( 3 )  The white, glistening septal scar is evaluated as a possible patch. (B) The scar is mobilized from the septum and folded 
laterally to he sutured to the normal free-wall muscle after being modelled into a hemicircular shape of proper size. 
1-8 This is an intraoperative photograph of an ischemic ventricular septal defect (VSD) that occurred 15 days after 
an anteroseptal myocardial infarction. (A) After opening the ventricle through the infarcted myocardium, the VSD is 
easily seen in the anterior portion of the septum. (B) The endocardial dacron patch was used to exclude the VSD from the 
left ventrirular cavity. In this case, the patch was anchored by using transfurion sutures placed transmurally through the 
anterior and posterior free-walls of the left ventricle as well as through the ventricular septum, excluding the apex of the 
right ventricle. In other cases, the right ventricular apex was not excluded and it was necessary to close the VSD by either 
direct suture or  with a second patch. 
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SURGICAL TECHNIQUE: POSTERIOR ANEURYSMS 
2-1 (A) Posterior-basilar LVAs are repaired by first opening the ventricle 
through a longitudinal incision through the aneurysm wall or by detaching the neck of 
the aneurysm from the posterior left ventricle. (B) If either spontaneous or inducible 
ventricular tachycardia were present preoperatively, the endocardia1 scar associated 
with the aneurysm is mobilized and resected. (C) The left ventricular cavity is 
reconstructed by anchoring the base of a triangular patch to the external surface of 
the posterior mitral valve annulus within the left ventricular cavity. The apex of the 
patch is sutured to the base of the posterior papillary muscle to restore the normal size 
and shape of the left ventricular cavity. 
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COMMENTS 
* Figure I. Left ventricular angiogram (RAO view) during diastole (A) and systole (B) before surgery 
showing a large anteroseptal LVA with dilated base and decreased global ventricular function. Left ventricular 
angiogram (RAO view) in the same patient during diastole (C) and systole (D) after an EVCPP. Not only is the 
aneurysm no longer present, but the diameter of the ventricular cavity is decreased in both diastole and systole 
and there is a nnticeable improvement in overall ventricular function. 
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0 Figure II. (A) Preoperative and postoperative studies using the Centerline method to determine both 
global ejection fraction (EF) and regional ejection fraction (Efc) in patient number 186 who underwent an EVCPP for 
an anteroseptal LVA. Both the end-diastolic volume (EDVI) and the end-systolic (ESVI) decreased following the 
operation. In addition, the EF increased from 39% to 60% after surgery and the increase in regional contractility in 
most areas of the heart is apparent. (B) Preoperative and postoperative studies using the Centerline method to 
determine both EF and Efc in patient number 204 who underwent an EVCPP for anteroseptal akinesia without 
paradoxical motion of the scar. Both the EDVI and the ESVI decreased dramatically after the operation. In addition, 
the EF increased from 26% to 36% after surgery and the increase in regional contractility in many areas of the heart 
is apparent. This study is characteristic and show that it is not necessary to have a large aneurysm with paradoxical 
motion of the scar to receive benefit from this surgical procedure. 
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This surgical technique for the repair of LVAs de- 
pends heavily on the identification of the junction 
between scar and normal myocardium. However, in 
long-standing ischemic cardiomyopathies, the ven- 
tricles are frequently globally dilated with no localized 
region that is amenable to repair. In addition, the 
transitional boundary between scar and normal myocar- 
dium is not as definitive and easily detected. In such 
ventricles, we place the endocardial patch 1 to 1.5 cm 
outside the rim of obviously contractile myocardium 
because in this situation, the only goal that might 
improve left ventricular function is the reestablishment 
of a more reasonably sized left ventricular cavity. 
On the other hand, if the ventricular aneurysm is 
very small and well-localized, the ventricle is opened 
through what might appear to be normal muscle adja- 
cent to the ventricle apex. The endocardial scar in such 
ventricles is usually confined primarily to the most 
distal septum with slight extension onto to apex. The 
circumferential subendocardial purse-string suture is, 
therefore, placed higher up on the septum than on the 
lateral wall and thus, a “new” ventricular apex is 
created slightly lateral to the previous apex. The 
purse-string suture can usually be tightened down to an 
opening of only 1 cm diameter which can be easily 
closed with a small pericardial patch. 
As of October 1996, we had repaired LVAs according 
to our technique in 715 patients, 90% of which were 
anteroseptal in location. A total of 34% of patients had 
a preoperative ejection fraction 10.30. The mean 
preoperative pulmonary artery pressure was 1 2 5  mm 
Hg in 31% of patients. A dacron patch was used in 61% 
of patients and autologous pericardium or the septal 
endocardial scar was used as a patch in 39%. Endocar- 
dial resection was performed in 40% of patients. 
Myocardial revascularization was performed in 94.5% 
of all patients and at least one internal thoracic artery 
was employed in 85% of those cases. 
The overall operative (30-day) mortality in these 715 
patients is approximately 7%. As expected, the opera- 
tive mortality is heavily dependent on the preoperative 
status of the patient. Preoperative risk factors for an 
increased operative mortality include refractory heart 
failure, ischemic ventricular septal defects, refractory 
ventricular tachycardia, and the need for emergency 
surgery. In these patients, the operative mortality rate 
varied between 15% and 20%.5 For elective surgery in 
the remainder of patients, the operative mortality was 
5%. Early and late hemodynamic evaluation has shown 
a mean improvement in left ventricular ejection frac- 
tion postoperatively of 0. We believe the ventricular 
geometry is significantly improved by this technique of 
repair, as shown in figures I and 11. In addition to 
functional improvement, ventricular arrhythmias have 
been controlled without spontaneous or inducible tachy- 
cardia in over 90% of  patient^.^ 
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